The murine female reproductive tract differentiates during postnatal development. This process of cytodifferentiation and morphogenesis is dependent upon specific mesenchymal-epithelial interactions as well as circulating steroid hormones (Cunha, G.R., 1976. Int. Rev. Cytol. 47, 137-194; Pavlova, A. et al., 1994. Development 120, 335-346). Members of the Wnt family of signaling molecules have been recently identified in this system (Pavlova, A. et al., 1994. Development 120, 335-346; Bui, T.D. et al., 1997 . Br. J. Cancer 75, 1131-1136; Miller, C., Sassoon, D.A., 1998. Development 125, 3201-3211). We describe the expression patterns of Wnt genes in the developing and adult female reproductive tract. Additionally, we note that changes in the levels of expression occur during the estrous cycle. Wnt gene expression patterns are regulated by the presence of epithelium in tissue graft experiments, suggesting that Wnt genes may indeed play roles in the mesenchymal-epithelial interactions critical for female reproductive tract development and function.
Introduction
The murine female reproductive tract is one of several organ systems that is relatively undifferentiated and rudimentary at birth . At birth, it is comprised of a simple columnar epithelium surrounded by mesenchyme derived from the urogenital ridge (Cunha, 1976a,b) . The post-natal events which result in the maturation and differentiation of the female reproductive tract occur in response to circulating steroid hormones, and are dependent upon specific mesenchymal-epithelial interactions (Cunha, 1976a,b) . Mesenchymal-epithelial interactions are critical for the formation of many organs including lung (Alescio and Cassini, 1962; Wessels, 1970) , mammary gland (Sakakura et al., 1976; Daniel and Silberstein, 1987; Kratochwil, 1987) and the male and female reproductive tracts (see Cunha, 1976a for review). The nature of the inductive signals in the female reproductive tract and the transient capacity to respond to these signals is not understood at the molecular level.
The Drosophila segment polarity gene wingless encodes a secreted molecule (Baker, 1987) that has been implicated in patterning and the establishment of cell boundaries during embryogenesis (see (Moon et al., 1997) for review). Wnt genes are the vertebrate homologs of wingless. The vertebrate Wnt family is comprised of at least 16 members. Wnt gene expression patterns during embryogenesis and in the adult (Gavin et al., 1990; Gavin and McMahon, 1992; Parr et al., 1993; Pavlova et al., 1994; Weber-Hall et al., 1994) as well as targeted deletions of specific members of the Wnt family provide evidence for key roles in patterning and cellcell communication (Stark et al., 1994; Parr and McMahon, 1995; Cygan et al., 1997) .
Several members of the Wnt gene family are expressed in the mammary gland (Gavin and McMahon, 1992; WeberHall et al., 1994; Bradbury et al., 1995) . The morphological changes that occur in the adult mammary gland have been attributed to both hormonal fluctuations and mesenchymalepithelial interactions (Weber-Hall et al., 1994) . The expres-sion patterns of individual Wnt genes are restricted primarily to either mammary stroma or epithelium. These expression patterns also change with pregnancy and lactation (WeberHall et al., 1994) . Functional data suggest that Wnt genes play a critical role in directing the morphological changes that occur in the adult mammary gland in response to levels of circulating steroid hormones (Bradbury et al., 1995) .
We have identified three members of the Wnt family of signaling molecules that are expressed in the mouse female reproductive tract. Wnt-4, -5a, and -7a are expressed in specific mesenchymal-epithelial patterns during post-natal development and in the adult reproductive tract. The expression patterns of Wnt-4 and -5a are responsive to changes in the circulating levels of steroid hormones during the murine estrous cycle. The changes in Wnt gene expression patterns during development are consistent with a role in cytodifferentiation. We demonstrate that the presence of epithelium influences the expression patterns of these three Wnt genes. We propose that Wnt genes play a key role in the mesenchymal-epithelial interactions which are important both in the development and in the adult function of the murine female reproductive tract.
Results

Wnt genes are expressed in the murine female reproductive tract
A preliminary screen was performed on the murine Wnt genes -1, -2, -3a, -4, -5a, -5b, -6, and -7a using RT-PCR and RNA isolated from adult uteri and vaginas. This survey revealed that Wnt-4, -5a, and -7a transcripts are present in the female reproductive tract whereas other members of the Wnt gene family were not detected (data not shown).
In situ hybridization was performed on adult female reproductive tracts using probes corresponding to Wnt-4, -5a and -7a. In the adult, these three genes are expressed in specific mesenchymal-epithelial patterns in the uterus and vagina. Wnt-4 is expressed strongly in the stroma subjacent to the luminal epithelium of the uterus (Fig. 1B) . Wnt-5a is also expressed in the stroma of the uterus. It is restricted from the epithelium and the uterine myometrium (Fig. 1C) . Wnt-7a is expressed only within the luminal epithelium of the uterus and not within the glandular epithelium (Fig. 1D ). In the vagina, Wnt-4 expression is detected in the vaginal Walmer et al., 1992) . A-D show bright-field images of the tissues indicating luminal epithelium (double arrows), stroma, smooth muscle, and glands. E-H show sections hybridized with a probe corresponding the Wnt-4. During diestrus (E), Wnt-4 expression is undetectable. Expression increases in proestrus (F) when transcripts are detected primarily in the uterine epithelium, although low levels are detectable in the stroma. During estrus (G), transcripts are detectable at approximately equal levels in the uterine stroma and epithelium. Wnt-4 expression declines in the uterine epithelium so that in metestrus (H), transcripts are only detectable in the uterine stroma. I-L show sections hybridized with a probe corresponding to Wnt-5a. During diestrus (I), Wnt-5a transcripts are detected in the uterine stroma and epithelium. By proestrus (J), Wnt-5a is expressed primarily in the uterine stroma while little expression is detected in the epithelium. During estrus (K), we detect transcripts in both the uterine stroma and epithelium, but expression is restricted to the stroma during metestrus (L). M-P show the pattern of Wnt-7a during the estrous cycle. Wnt-7a expression remains in the luminal epithelium of the uterine horn during the various stages of the estrous cycle, although levels of Wnt-7a may fluctuate slightly during the different stages. Q-X show sections of adult vagina hybridized with a probe corresponding to Wnt-5a. (Q,R) The bright-field and dark-field images of a vagina during diestrus. Low levels of Wnt-5a transcripts are detected in the stroma and epithelium. (S,T) Bright-field and dark-field images of a vagina during proestrus. Wnt-5a expression is detected in both the stroma and epithelium at higher levels than seen in diestrus. (U,V) Sections during the estrus phase where Wnt-5a expression is detected at low levels in the vaginal stroma, but not the epithelium. (W,X) Sections during metestrus where Wnt-5a expression is not detectable in either the stroma or epithelium. Scale bar = 200 mm. epithelium ( Fig. 1F) while levels of Wnt-5a and -7a are undetectable ( Fig. 1G,H ).
Wnt gene expression patterns are responsive to steroid hormones levels
We noted that the levels and precise localization of Wnt-4 and -5a varied among individual samples raising the possibility that they may be regulated during the estrous cycle. We therefore performed a detailed study of Wnt gene expression during the estrous cycle. The stage of estrous cycle was determined by the appearance and cell morphology of the vaginal epithelium (Allen, 1922) . The pattern of Wnt-4 expression changes dramatically during the estrous cycle. During diestrus, Wnt-4 is expressed at very low levels (Fig. 2E) . By early proestrus, transcripts are detectable primarily in the uterine epithelium (Fig. 2F ). During estrus, strong expression is observed both in the stroma and the epithelium ( Fig. 2G ) and by metestrus, expression is restricted to the stroma subjacent to the luminal epithelium ( Fig. 2H ). Uterine Wnt-5a expression also changes during the estrous cycle. During diestrus, Wnt-5a transcripts are detected in both the stroma and the epithelium of the uterus (Fig. 2I ). By proestrus, transcripts are detected primarily in the uterine stroma ( Fig. 2J ) but by estrus, transcripts are once again observed in the stroma and the epithelium (Fig. 2K ). During metestrus, Wnt-5a is primarily in the uterine stroma although low levels of expression are detected in the epithelium (Fig. 2L ). These results suggest that high levels of circulating estradiol may repress Wnt-5a expression in the uterine epithelium. While the pattern of Wnt-7a expression in the luminal epithelium during the estrous cycle remains constant ( Fig. 2M-P) , there may be variations in the level of expression. Expression levels appear higher during diestrus and metestrus ( Fig. 2M ,P) than during proestrus and estrus (Fig. 2N,O) . Wnt-5a expression levels change in the vagina during the estrous cycle. During diestrus, Wnt-5a is expressed at low levels in the stroma and epithelium of the vagina (Fig. 2Q,R) . Wnt-5a is expressed at higher levels in proestrus although it is still in the stroma and epithelium (Fig. 2S,T) . During estrus, expression is lower than in proestrus and is restricted to the vaginal stroma (Fig. 2U,V) . By metestrus, Wnt-5a expression is not detectable in the vagina (Fig. 2W,X) .
Wnt gene expression patterns are dynamic during the development of the female reproductive tract
Wnt genes have been postulated to play a role in the functioning of the adult mammary gland (Gavin and McMahon, 1992; Weber-Hall et al., 1994) and female reproductive tract (Pavlova et al., 1994; Bui et al., 1997; Miller and Sassoon, 1998) . Furthermore, Wnt genes have a demonstrated role in developmental processes Stark et al., 1994; Parr and McMahon, 1995) . We therefore examined the expression patterns of Wnt-4, -5a and -7a during the development of the female reproductive tract.
At 17 days post-coitum (d.p.c.), Wnt-4 expression is detected in the mesenchyme of the future uterine horn and in the epithelium of the sinus vagina ( Fig. 3B ) but is not detected in the epithelium of the Müllerian vagina. At birth, transcripts remain undetectable in the vagina and cervix (Fig. 3F ) but are seen in the mesenchyme of the uterine The section from M hybridized for Wnt-4 expression; transcripts are detected primarily in the mesenchyme of the uterine horn. Note that expression is restricted from uterine epithelium and from the forming smooth muscle. Weak expression is detected in the mesenchyme and epithelium of the oviduct. (O) Wnt-5a expression is also restricted to the uterine mesenchyme and that like Wnt-4, expression is lower in the uterine epithelium and smooth muscle. Wnt-5a transcripts are detected throughout the thickness of the oviduct. (P) Wnt-7a expression is restricted to the epithelium of the uterine horn and oviduct. Wnt-7a transcripts are detected throughout the luminal epithelium, even in the invaginations which will become glands. Q-T show neighboring longitudinal sections through a 6 day vagina. (Q) A bright-field image with the anterior-posterior axis indicated; the cervix is to the left. The stratified epithelium is denoted (double arrows). (R) The section in P hybridized for Wnt-4. Transcripts are detected throughout the vaginal epithelium. (S) Wnt 5a is still expressed in the vaginal stroma, although expression is lower in the posterior vagina than it is near the cervix. (T) Although Wnt-7a transcripts are not detectable in the epithelium of the posterior vagina, we do detect expression in the anterior vaginal epithelium. The schemas shown below summarize the panels. The smaller image represents the situation at birth whereas the larger figure represents the adult expression patterns. (U) Wnt-4 is initially expressed in the stroma of the uterine horns but later is expressed both in the uterine horns and in the epithelium of the vagina. (V) Wnt-5a is initially expressed throughout the stroma of the reproductive tract but becomes post-natally restricted to the uterine horns. (W) Wnt-7a is initially expressed throughout the epithelium of the reproductive tract and, like Wnt-5a, its expression becomes restricted to the uterine horns. cvx, cervix; g, glands; m, muscle; s, stroma; sv, sinus vagina; ovi, oviduct; u, ureter; ut, uterine horn. Scale bar = 200 mm, 100 mm (I-L).
horn (Fig. 3J) . By 6 days after birth, Wnt-4 expression is restricted to the mesenchyme near the luminal epithelium in the uterine horn, and to the mesenchyme of the oviduct (Fig.  3N) . By this time, we also detect Wnt-4 transcripts in the epithelium of the vagina (Fig. 3R) . Wnt-5a expression is also regulated during development. At 17 d.p.c., Wnt-5a is expression is restricted to the mesenchyme of the genital tract (Fig. 3C) . At birth, Wnt-5a remains restricted to the mesenchyme of the female reproductive tract (Fig. 3G ,K and see Pavlova et al., 1994) . At 6 days post-natal, Wnt5a expression in the uterine stroma becomes excluded from the region of forming smooth muscle (Fig. 3O) . It is expressed by the mesenchyme and epithelium of the oviduct (Fig. 3O) . By 6 days, Wnt-5a expression declines in the vaginal stroma although low levels are still detectable (Fig. 3S) . Wnt-7a is initially expressed throughout the epithelium of the Müllerian duct at 17 d.p.c. (Fig. 3D) . Strong expression is detected in the epithelium of the cervix, vagina, and uterine horn at birth (Fig. 3H,L) . Six days after birth, transcripts are seen in the luminal epithelium of the uterine horn (Fig. 3P) . Wnt-7a is detected in the forming glands (Fig. 3P) , although it is not expressed in the glands of the adult uterus (Fig. 1D) . Wnt-7a is also expressed in the epithelium of the oviduct (Fig. 3P) . By 6 days after birth, Wnt-7a expression is declines in the vaginal epithelium (Fig. 3T) . Although transcripts are still detectable in the rostral vagina, they are undetectable in the caudal vagina.
By 10 days after birth, Wnt-7a transcripts are undetectable in the vaginal epithelium (data not shown). The timing of the loss of Wnt-7a from the vagina corresponds to the timing of vaginal cytodifferentiation (Cunha, 1976a,b) , implying that Wnt-7a may confer the ability to respond to the uterine inductive signals.
Epithelial regulation of Wnt gene expression in the uterine stroma
Inductive mesenchymal-epithelial signaling events are responsible for the morphogenesis and cytodifferentiation of the female reproductive tract (Cunha, 1976a,b) . The specific expression patterns of the Wnt genes may reflect such tissue-type specific signaling and may change in the presence or absence of epithelium. Uterine stroma in the presence or absence of epithelium can be grafted under the kidney capsule of nude mice, and allowed to grow in an in vivo situation . When newborn uterine mesenchyme is recombined with newborn uterine epithelium, the resultant graft has simple columnar epithelium, a stromal layer that contains no glands, and a layer of smooth muscle (Fig. 4A) . The smooth muscle is arranged in a layer around the outside of the graft in a circular distribution (Fig. 4B) . We also detect Wnt-4 and Wnt-5a in the stroma (Fig. 4C,D) . The patterns of Wnt-4 and -5a expression in the grafts shift to reflect the stage of estrous in the Fig. 4 . Wnt gene expression in the uterine stroma is influenced by the presence of epithelium. Wnt gene expression was examined in stromal tissue which was grown in nude mice in the presence and absence of epithelium. Uterine mesenchyme recombined with uterine epithelium forms a ball-like structure. It is lined by simple columnar epithelium, and contains distinct layers of stroma and smooth muscle (A). Using a probe corresponding to SMMHC, the exterior of the graft can be shown to be composed of smooth muscle bundles (B). Wnt-4 and -5a are expressed in the stroma of the graft (C,D) and Wnt-7a is expressed in the simple columnar epithelium (E). When stroma is grown in the absence of epithelium, much of the tissue is composed of disorganized bundles of smooth muscle, indicated by the detection of abundant smooth muscle myosin heavy chain transcripts (G). Although Wnt-4 expression is detected in the grafts, it is strongest in the regions which have little smooth muscle (H). Wnt-5a expression is similar to Wnt-4, except the distribution is even more restricted from the smooth muscle positive areas (I). Wnt-7a expression is not detectable, showing that its expression epithelium-specific (J). Scale bar = 200 mm. host mouse (data not shown). Additionally, Wnt-7a is expressed in the simple columnar epithelium (Fig. 4E) . When newborn uterine stroma without epithelium is grown in a nude mouse host for 3 weeks, much of the resulting tissue is positive for smooth muscle myosin heavy chain (SMMHC) by in situ hybridization (Fig. 4G) . Wnt-4 and -5a transcripts are detectable in the stromal grafts; however, they are expressed at lower levels in cells scattered throughout the stroma as compared to the intact uterus or the grafts containing epithelium. Wnt-4 and Wnt5a expression are most localized to regions with little smooth muscle, although Wnt-5a expression is more restricted than Wnt-4 expression (Fig. 4I) . We do not observe expression of Wnt-7a in the absence of epithelium, thus unlike Wnt-4 and -5a, Wnt-7a is completely restricted to the epithelium, even under these experimental conditions (Fig. 4J) .
Discussion
Wnt gene expression patterns suggest roles in patterning and in adult function
We report here that Wnt-4, -5a, and -7a are expressed in the female reproductive tract. The tissue specificity and the dynamic patterns of expression during development suggest that Wnt gene signaling plays a role in the morphogenesis and cytodifferentiation of the female reproductive tract. During early female reproductive tract development (prior to 6 days post-natal), Wnt-5a and -7a are expressed throughout the mesenchyme and epithelium, respectively, of the female reproductive tract. After birth, expression becomes restricted primarily to the uterine horns. The loss of expression from the vagina is coincident with vaginal cytodifferentiation. The epithelium of the entire Müllerian tract remains plastic and undifferentiated until approximately 5 to 7 days after birth (Cunha, 1976b) . During this period, the epithelium can respond to inductive signals from either uterine or vaginal mesenchyme. Wnt-4 is initially restricted to the mesenchyme of the uterine horns and the sinus vagina. The later expression of Wnt-4 in the vaginal epithelium coincides with the decline in Wnt-5a and -7a expression in the vagina. The downregulation of Wnt-5a and/or Wnt7a and the upregulation of Wnt-4 in the vagina may be may be required for subsequent tissue differentiation and morphogenesis. In fact, in Wnt-7a null mice, patterning of the female reproductive tract is severely affected (Miller and Sassoon, 1998) . The uterus shows alterations in both anterior-posterior and radial patterning. The uterine epithelium becomes stratified rather than simple columnar, there is an absence of uterine glands, a paucity of stroma, and the smooth muscle of the Wnt-7a null uterus is disorganized. These results support the hypothesis that Wnt genes are critical for patterning and cytodifferentiation in the female reproductive tract.
Wnt gene regulation of smooth muscle formation
In the newborn uterine horn, Wnt-4 and -5a are expressed throughout the width of the mesenchyme. During smooth muscle formation, Wnt-4 and -5a are downregulated and eventually excluded from regions of smooth muscle differentiation. In the adult uterus, smooth muscle is devoid of Wnt gene expression. Others have shown that smooth muscle differentiation is dependent on the presence of epithelium . In contrast to these earlier studies, we observed that in the absence of epithelium, stromal grafts contain abundant smooth muscle positive cells. The highest levels of Wnt-4 and -5a expression are in regions that contain few differentiated smooth muscle cells. Therefore, the observation that Wnt-4 and -5a expression is mutually exclusive from smooth muscle differentiation is not dependent upon the presence of epithelium. However, epithelium is required to organize the grafts. Wnt-7a is restricted to the epithelium and never expressed in the stroma (even in the absence of epithelium), suggesting that Wnt-7a may be involved in this organizational process. We observe that loss of Wnt-7a leads to a marked disorganization of uterine smooth muscle, supporting a role for Wnt-7a in epithelial-mesenchymal signaling (Miller and Sassoon, 1998) .
Wnt genes and circulating levels of steroid hormones
The changes in the patterns of Wnt gene expression observed during the estrous cycle suggests that Wnt signaling may underlie the cellular changes that occur in the female reproductive tract in response to hormonal fluctuations. In the adult, Wnt-4 is always expressed in the vaginal epithelium but its expression in the uterine horn is dependent on the stage of the estrous cycle. Changes in Wnt-4 expression in the uterine epithelium correlates with the timing of maximal growth and proliferation (proestrus and estrus) (Rugh, 1968) . Wnt-4 is expressed solely in the uterine epithelium during proestrus when the levels of estrogen are highest. This suggests that estrogen may regulate Wnt-4 expression in the uterus.
Wnt-5a expression changes in both the uterus and the vagina during the estrous cycle. In the uterus, it is expressed in the stroma and the epithelium during diestrus and estrus and in the stroma alone during proestrus and metestrus. The restriction of Wnt-5a from the uterine epithelium corresponds to the stages of the estrous cycle that have the highest levels of estrogen. It is possible that estrogen represses the expression of Wnt-5a in the uterine epithelium. This may occur through mesenchymal-epithelial signaling. Estrogen receptor activation in the stroma may be required for the activation of a paracrine signal that acts on the epithelium to in turn cause the down-regulation of Wnt5a. Alternatively, activation of the estrogen receptor in the uterine epithelium itself may be sufficient to down-regulate Wnt-5a in the epithelium. The changes in Wnt-5a expres-sion in the vagina are more difficult to correlate with specific changes in levels of circulating steroid hormones.
The levels of Wnt-7a expression in the uterus vary during the estrous cycle. Levels are highest during diestrus and metestrus, and lower during proestrus and estrus. The highest levels of expression correspond to high levels of circulating progesterone, suggesting that progesterone may induce expression of Wnt-7a in the uterine epithelium.
One other hormonally responsive tissue is the female mammary gland. Expression of Wnt-2, -4, -5a, -5b, -6, and -7b has been detected in this tissue (Gavin and McMahon, 1992; Buhler et al., 1993; Weber-Hall et al., 1994) . Although expression of these Wnt genes in the mammary gland has not been determined during the estrous cycle, levels of expression were seen to change during pregnancy and lactation (Gavin and McMahon, 1992; Weber-Hall et al., 1994) . Additionally, Wnt-2, -4 and -5b levels were found to be responsive to ovariectomy (Weber-Hall et al., 1994) . Wnt gene responsiveness to ovarian hormones in the mammary gland and the uterus adds support to the hypothesis that Wnt genes may underlie the morphological changes which occur in response to circulating hormone levels in these two tissues.
Wnt genes are candidate signaling molecules underlying mesenchymal-epithelial interactions in the female reproductive tract
The changes in Wnt gene expression levels that coincide with changes in levels of hormones (this paper and Pavlova et al., 1994) coupled with the dynamic expression patterns of the Wnt genes in the female reproductive tract suggests that they play key roles in the development and adult function of the reproductive tract. Wnts are secreted signaling molecules that have been linked to morphogenetic events. As such, the localization of Wnt gene expression in the female reproductive tract suggests that Wnts likely function in the mesenchymal-epithelial interactions which govern cytodifferentiation and morphogenesis in the female reproductive tract (Cunha, 1976a) . The nature of these signals is currently being defined. Results from Wnt-7a null mice reveal that Wnt-7a signaling from the uterine epithelium to the stroma is necessary for appropriate radial patterning (Miller and Sassoon, 1998) . Wnts may be involved in mesenchymal-epithelial or mesenchymalmesenchymal signaling, however, these pathways remain to be elucidated.
Experimental procedures
Mice
CD-1 mice were used in all the experiments (Charles River). At least two samples were used for each experimental time point. Neonatal tissues were isolated following timed breedings with the morning of the vaginal plug counted as 0.5 d.p.c. For post-natal tissues, the day of birth is counted as day 0. The stage of the estrous cycle was determined by histological examination of the vaginal epithelium (Allen, 1922) . In diestrus, the epithelium is only 5-6 layers thick and it lacks a basement membrane. In proestrus, we see 12-13 layers of epithelium, and the top layers stain very lightly with eosin. During estrous, the epithelium has an intact, superficial cornified layer whereas during metestrus, the cornified layer is shed and the epithelium is invaded by large numbers of leukocytes, often in lacunae.
Histology and in situ hybridization
Tissues were fixed overnight in 4% buffered paraformaldehyde. Paraffin embedded tissues were sectioned at 5-6 mm. For histological examination, sections were stained with hematoxylin and eosin. Techniques for tissue fixation, paraffin embedding, and in situ hybridization have been described in detail elsewhere (Sassoon and Rosenthal, 1993) . Antisense riboprobes were generated for Wnt-4 and -7a (Parr et al., 1993) , Wnt-5a (Gavin and McMahon, 1992) , and smooth muscle myosin heavy chain (SMMHC) (Miano et al., 1994) . Antisense riboprobes were generated under identical reaction conditions and were used at a final concentration of 105 000 dpm/ml hybridization buffer. Emulsion coated slides (NTB-2, Kodak) were allowed to expose for 1 or 2 weeks at 4°C. In situ analysis was performed at least twice per tissue sample with each probe.
Tissue grafting
Tissue recombinants were prepared using techniques described previously (Bigsby et al., 1986) . Intact reproductive tracts were isolated from newborn CD-1 mice and maintained in calcium-magnesium-free Hank's buffer at 4°C (CMF-HBSS) (Gibco) until use. After 1% trypsin incubation (Difco 1:250) in CMF-HBSS for 1-1.5 h, the uteri were separated into mesenchymal or epithelial components by gentle teasing with forceps or by repeatedly drawing into a flame-blunted drawn Pasteur pipette. The mesenchymal and epithelial fragments were either made into recombinants or left alone. The tissues were grafted under the renal capsule of Avertin (Aldrich) anesthetized female athymic nude mice (Taconic NCI). The tissues were allowed to grow in the host for 3-4 weeks. Tissues were subsequently isolated and processed for histological examination and in situ hybridization.
